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ABSTRACT 

We present far-ultraviolet (UV) observations at ~ 150 nm of the jet of the quasar 3C273 
obtained with the Advanced Camera for Survey's Solar Blind Channel (ACS/SBC) on board 
the Hubble Space Telescope. While the jet morphology is very similar to that in the optical 
and near-ultraviolet, the spectral energy distributions (SEDs) of the jet's sub-regions show an 
upturn in vf v at 150 nm compared to 300 nm everywhere in the jet. Moreover, the 150 nm 
flux is compatible with extrapolating the X-ray power-law down to the ultra-violet region. 
This constitutes strong support for a common origin of the jet's far-UV and X-ray emission. It 
implies that even a substantial fraction of the visible light in the X-ray brightest parts of the jet 
arises from the same spectral component as the X-rays, as had been suggested earlier based 
on Spitzer Space Telescope observations. We argue that the identification of this UV/X-ray 
component opens up the possibility to establish the synchrotron origin of the X-ray emission 
by optical polarimetry. 

Key words: quasars: individual: 3C273 - galaxies:active - galaxies:jets - radiation mecha- 
nisms: non-thermal - acceleration of particles 
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1 INTRODUCTION 

The launch of the Chandra X-ray Observatory has led to an order- 
of-magnitude increase in the number of X-ray detections from 
extraealactic jets (e.g., IWorrall et alj 1200 ll ; ISambruna et al.l I2002L 
12004 iMarshall et alj|2005t H. Marshall et al. in prep.). There is 
currently a very active debate about the origin of X-ray emission 
from many high-power jets, in which the X-ray and radio emission 
cannot be explained by a single spectral component. The X-rays 
could be due to beamed inverse-Compton (IC) scattering of cos- 
mic microwave background (CMB) photons, or du e to synchrotron 
emissi on from a second electron popula t ion jTavecchio et al.l 



2004 



2000; Celotti, Ghisellini & Chiaberge 2001; Stawarz et al. 
Hardca stle 2006: lHarris & Krawczvnskill2006h : synchrotron self- 
Compton (SSC) emission from electrons in an equipartition mag- 
netic field can usually account for the X-ray emission from hot 



* Based on observations made with the NASA/ESA Hubble Space Tele- 
scope, obtained at the Space Telescope Science Institute, which is operated 
by the Association of Universities for Research in Astronomy, Inc., under 
NASA contract NAS 5-26555. These observations are associated with HST 
program GO-9814 

f E-mail: jester@mpia.de; this work was begun at the Particle Astrophysics 
Center, Fermilab, Batavia, IL 60510, USA 



spots at the ends of jets (see lHarris & Krawczvnskill2006l) , but in 
the jets themselves, SSC is only viable if the total energy density is 
dominated by relativistic electrons at the level of 99.99% or more, 
and we will not consider it further here. 

One debated case is the jet in 3C273, where data from 
ROSAT and the first Chan dra observations had left the X-ray emis- 
sion mechanism unclear (Roseretal. 200 3: lMarshalletai]|200ll : 
ISambruna et alJuOOll) . In ljester et al.l (2006), we presented deeper 
Chandra observations of this jet and found that the X-ray spectra 
are softer than the radio spectra in nearly all parts of the jet, rul- 
ing out the simplest one-zone beamed IC-CMB (BIC) models. A 
BIC model could still work if the jet flow has a spine + sheath 
(or otherwise inhomogeneous) structure, but we found synchrotron 
emission from a high-energy electron population to be a more plau- 
sible scenario, as velocity shear is v ery likely to be present and 
is capable of acceler ating particles ( Stawarz & Ostrowski 1 20021 : 
iRieger & Duffvll2004h . 



Evidence for synchrotron X-ray emission in this jet has also 
come from an analysis of the overall SED shape. llester et alj ( 2002) 
demonstrated that all parts of the jet show a UV excess above a sim- 
ple synchrotron spectrum fitted to the radio, infrared and optical 
data, and suggested that part of the optical/UV emission might be 
due to the same emission component as the jet's X-rays. We there- 
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Table 1. Observation log for new ACS/SBC data. All exposures used filter 
F150LP. 



Target 


Dataset name 


Start time 


Exp. time 






UT 


s 


J 122903+0203 18 


J8P001010 


04/08/2004 23:13:47 


900 


3C273-JET 


J8P001TSQ 


04/08/2004 23:32:12 


1600 


3C273-JET 


J8P001020 


05/08/2004 00:45:39 


2800 


3C273-JET 


J8P001030 


05/08/2004 02:21:37 


2800 



fore proposed to image the jet at 150 nm, the shortest UV wave- 
length accessible wit h the HST, and present t he results here. 

In the meantime. lUchivama et al.l l l2006l) had analysed Spitzer 
images at 3.6 and 5.8 \im. Surprisingly, they found that the Spitzer 
fluxes of the first two bright knots A and Bl lie well above the 
commonly assumed power-law interpolation between radio and op- 
tical/UV. This indicates that the optical/UV emissio n is already 
domin ated by the X-ray component, as suspected by I Jester et al.l 
d2002h . Our new results demonstrate that the emission at 150 nm 
is more closely related to the X-ray than to the radio/IR emission 
component. 

The plan of this paper is as follows: Section [2] describes the 
observations and data reduction. In Section [3] we present the re- 
sulting image and SEDs including the new 150 nm data point. Sec- 
tion [4] discusses the implications of the new data for the emission 
mechanisms and jet structure. 



2 OBSERVATIONS AND DATA REDUCTION 

The Advanced Camera for Surveys (ACS) Solar Blind Channel 
(SBC) UV detector was used to image the jet in 3C 273 through 
filter F150LP. This filter blocks out geocoronal Lyman-a emis- 
sion and therefore leads to a substantially higher signal-to-noise ra- 
tio than broader filters that extend to shorter wavelengths. The total 
exposure time spent on the jet was 7200 s. Since the quasar is too 
bright in the UV to be imaged with the SBC, we could not use it as 
an astrometric reference point. Therefore, we used 900 s of our allo- 
cated time to image a nearby star (Star G in lRoser & Me isenheimer 
1991) as absolute astrometric reference point. TableQjgives the ob- 
servation log. 

We used the standard pipeline reductions to create flat-fielded 
images. Due to a pipeline bug, information about hot pixels was 
not propagated properly to the data quality (DQ) arrays of the flat- 
fielded images. We set the necessary DQ bits for the hot pixels 
listed in the appropriate bad-pixel file and then combined all five in- 
dividual images using the multi drizzle task from the STSDAS 
package, with parameter settings taken from the pipeline-generated 
mdriztab table. The multidrizzle task corrects for geomet- 
ric distortion, enabling surface photometry to be performed on the 
output image. No cosmic-ray rejection was performed, since the 
SBC is a Multi-Anode Multi-channel Array (MAMA) which is not 
sensitive to charged particles. 

Visual inspection of the combined image showed that there is 
a sloping background, most likely due to a large-angle scattering 
wing of the quasar image (the quasar was placed about 7" outside 
the SBC's field of view to avoid violating the SBC's count rate 
limits). To fit this background, we used a combination of an expo- 
nential profile representing the scattering wing and a constant level 
representing the overall sky background (an exponential by itself, 
without a constant offset, left systematic residuals). As the total 



background level is very low, and the relative pixel-to-pixel noise 
therefore high, the image was smoothed to 0'.'2 resolution prior to 
background subtraction. The smoothed image will also be used for 
all science analysis. 

The absolute pointing of HST data se ts can be established only 
at the level of 1" jpavlovskv etafll2006l §6.2 .2), which is clearly 
not nearly sufficient for the multi-band multi-telescope analysis of 
a jet of width 0'.'7; however, the absolute roll angle is sufficiently 
accurate and precise. In principle, it is of course possible to use 
the brightness peaks of the jet itself to align images at different 
wavelengths; however, a spectral index map generated with the help 
of such an alignment method is of limited use, because features in 
spectral index ma ps arise precisely from morphological differences 
between bands. In l Jester et al J fcOOll Appendix Al) we have shown 
that the alignment of images for the creation of a reliable spectral 
index map has to be better than 10% of the PSF width, i.e., at the 
level of 20 mas or better in this case. 

As mentioned above, we had planned to use the images of 
star G for absolute astrometric c alibration. However, both sim- 
ply using the star's position from iRbser & Meisenheimeil J 199 lL 
i.e., ignoring possible proper motions), and correcting of the po- 
sition using prop er motions f rom th e combined SDSS+USNO- 
B catalogue by iMunn et alj d2004l) or the UCAC2 catalogue 



dZachariase t al. 2004) yielded an alignment that left obvious off- 
sets compared to data taken in other bands. The reason for the 
offsets is very likely simply an unhelpful combination of random 
errors in the individu al positions and in the prope r motions. The 
coordinates given bv lRoser & Meisen heimer] i 1 99 lh were obtained 
roughly 20 years before the SBC observation; with proper motion 
random errors of 3mas/yr, centroiding errors of 10 mas (RMS, to- 
tal for both coordinates) and an additional contribution from the 
SBC distortion correction, the total random error could already be 
Qt.'l, or 1/7 of the jet width. This is roughly the magnitude of the 
observed offsets. 

Hence, absolute astrometry with the accuracy and precision 
required to compute a spectral index map is not possible at present. 
Therefore, we restrict the a nalysis to p e rform ing integral photom- 
etry of the jet knots, as in [Jester et al. I < |2006|) . for which a visual 
placement of the photometry apertures is sufficient. The photom- 
etry was perform ed in the same regions shown in Figure 1 of 
|jesteretalJd2006l) . 



3 RESULTS 

3.1 Map of surface brightness and photometry of knots 

FigureQjshows a map of the surface brightness of the jet. The mor- 
phology and appearanc e is identical to tha t at 620 and 300 nm (also 
see Figures 1 and 2 in I Jester et alj|200ll) . The surface brightness 
profile continues the trend for the innermost bright knots to become 
more dominant at higher frequencies, while the outermost knots are 
more dominant at lower frequencies. However, in a departure from 
this trend, the broad edge of H3 appears slightly stronger compared 
to the round feature D2 at 150 nm (peak ratio of about 1.4:1) than 
at 620 nm (about 1.25:1). The resolution of Chandra is not high 
enough to examine the X-ray morphology at this level of detail. 



3.2 Spectral energy distributions 

Figure [2] shows SEDs of the jet knots at all presently available 
wavelengths, with new SBC measurements reported in Table [2] 
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Table 2. Integrated flux densities of jet regions at 150 nm, and spectral indices. The flux densities are summed 
over the same regions as in ljester et al.l 120061) . which extend along position angle 222° over the radial range 
r 'in ^ r < fout. and to about ±0"4 from the radius vector. Flux densities for all wavelengths are given 
in Tab. | A1 I The s pectral indices are defined as follows: ttx, spectral index within the Chandra band from 
Jester et al. (2006); 

Q 150 s P ec tral index between 1 keV and 150 nm; c*Jaxlio s P ec t ra l index betw een 1.4 nm 
and 1 GHz (1.4 nm is HST NICMOS F140W. 10 GHz is interpolated from 3 VLA bands, all from ljester etal] 
120051) . 
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Figure 1. Map of surface brightness (linear grayscale) of 3C273's jet at 
150nm with HST/ACS/SBC/F 1 5 LP (bottom), and for comparison, a t 
620 nm with HSTAVFPC2/PC 1/F 6 2 2 W (top; data from ljester etaT1l200ll) . 
The images have been rotated to place a position angle of 222° along the 
horizontal. The quasar lies 12" to the northeast of knot A. The names of the 
regions used in the following figures are indicated. On the 620 nm map, S, 
Inl and In2 label the "optical extensions" that are visible at all wavelengths 
from 1.4 |om to 300 nm, but not at 150 nm (see section |4~4l for a discussion 
of the extensions). 



Obse rved fluxes were corrected for ga lactic extinction using data 
from[Schlegel, Finkbe irier & Davisl dl998h and the galactic extinc- 
tion law as given bvlPeil J1992JT The Spitzer data are taken di- 
rectly from lUchivama etaL 1 20061 . Table 1), distributing the re- 
ported Spitzer flux density of B2+B3 between the individual knots 
in the same ratio as observed at 1.4(j.m. 

The spatial resolution of Spitzer at the wavelengths used, 3.6 
and 5.8 p.m, is 1'.'66 and 1'/ 88, respectively, which is much larger 
than the jet width and larger than, or comparable to, the knot-to- 
knot s eparation. Therefore, the decomposition by lUchivama et al.l 
(2006) of the Spitzer flux profile into individual unresolved com- 
ponents yields measurements that correspond to fluxes taken with 
apertures extending about 0'.'75 to either side of the jet. To sample 
the same spatial regions also at the other wavelengths, we have used 
photometry apertures for the VLA and HST data that are consider- 
ably larger than those used bv lUchivama et all d2006t) for the VLA 
and HST data. These lar ger-aperture fluxes are up to 30% higher 
than those determined bv lUchivama et all {2006), with smaller dif- 
ferences for the HST measurements of the fainter knots. While 



these differences do not change the overall SED shape apprecia- 
bly, we judge the resulting SEDs to be more precise. 

The salient feature of Figure [2] is that the spectral flux per 
decade {vf v ) at 150 nm lies above that at 300 nm in all parts of 
the jet, but on or below the extrapolation of the Chandra flux and 
spectral index. 



4 DISCUSSION 

4.1 Stronger evidence for a common origin of the jet's 
far-UV and X-ray flux 

In I Jester et al. I d2002h , we reported an optical/UV excess above a 
synchrotron spectrum with a concave cutoff (in log /„ vs. log v). 
The fact that the excess was largest in the X-ray brightest knot 
suggested a common origin of the optical/UV excess and the X- 
rays. Our HST observations at 150 nm were designed to clarify 
whether the X-ray emission is indeed linked to this excess. Such 
a link would have been ruled out by finding a drop in the SED from 
300 to 150 nm. Instead, the observed rise of the SED at 150 nm 
compared to 300 nm and the compatibility of the 150 nm flux with 
an extrapolation of the Chandra flux indeed lends strong support to 
the idea that the UV excess is due to the same emission component 
as th e X-ray emission . 

lUchivama et al.l J20061) had argued that there is a contribution 
to the optical/UV flux from the X-ray component based on the good 
agreement between the spectral slope of the high-energy power law 
they fitted from optical to X-rays, and ax, the spectral index within 
the Chandra band. This is confirmed by the even tighter correlation 
between «x and the far-UV/X-ray spectral index a£ s0 determined 
from the SBC and Chandra fluxes (Fig.|3ji and Tab.[2]l. These spec- 
tral indices are clearly consistent with being equal in Bl, CI, C2, 
Dl, and D2H3. Due to its large error bar on ax, the point for in 
H2 is also compatible with lying on the equality line, while A, B2 
and B3 lie below the equality line at higher significance. B3 is the 
smallest region, with an angular extent similar to the Chandra res- 
olution element, and therefore suffers from the largest systematic 
uncertainties in determining spectral indices and it may be an out- 
lier simply due to these errors. On the other hand, A and B2 stand 
out from the remainder of the jet as the regions with the strongest 
X-ray emission, and in the case of A, with an emission peak that 
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Figure 2. SED of 3C273 jet regions, including VLA, Spitzer, HST and Chandra fluxes listed in Tab. lAll The new SBC data at 150 nm are represented by solid 
squares (blue in electronic versions); previous HST data by open squares; Spitzer and VLA data by open circles; Chandra data by "bow ties" (solid lines show 
the observed region, dotted lines the extrapolation into the optical/UV). The solid curves show the an exponential cutoff indicat ing the likely contribution from 
the low-frequency component of the spectrum (these are not fits, just illustrations, but similar to the curves fitted by Uchiyama et al. 2006). In all parts of the 
jet, the spectral energy density at 150 nm (2x 10 15 Hz) lies above that at 300 nm (10 15 Hz), but is compatible with lying on or below an extrapolation of the 
Chandra flux to lower frequencies. This is strong evidence that the jet emission at 15()nm is predominantly or exclusively due to the same component as the 
X-rays. In A, Bl and B2, even the optical emission is dominated by this component. 



is unresolved by Chandra; this again suggests a difference between 
these bright regions and the remainder of the jet, perhaps the pres- 
ence of a shock that is responsible for accelerating the X-ray emit- 
ting particles. 

As pointed out bv lKatz-Ston e. Rudnick & Andersot] dl993l) . a 
"colour-colour" diagram such as Figure^ is a powerful diagnostic 
both of the underlying spectral shape and of the homogeneity of 
spectral shapes at different locations in the source. The similarity 
of the spectral indices in Figure [3^ implies that the emission from 
150 nm up to the Chandra band is consistent with being a power 
law in all parts of the jet (perhaps with a "cut-on", a sharp rise in 
spectral power density with increasing frequency, in A, B2 and B3, 
where ax dips below afso). Figure[3p shows that the slope of this 
power-law tends to decrease outward along the jet, while the spec- 
tral index a™ dio from radio to infrared is consistent with a constant 
out to Dl and drops only further out (the constancy of a^dio re ~ 
fleets the fact that the radio and IR brightness profiles are similar). 



In other words, t he spectral shape of the low-energy component re- 
mains constant Jjesteretalj|200ll) , while that of the high-energy 
component evolves strongly along the jet. 

The new SBC da ta substantially strengthen the conclusion of 
lUchivama et al.l (2006) that the jet's far-UV emission is of the same 
origin as the X-rays; furthermore, in the X-ray brightest regions A, 
B 1 and B2, a large fraction of the emission in the optical/near-UV is 
already contributed by the same spectral component as the X-rays. 
It is difficult to quantify this fraction exactly, because it depends 
sensitively on the detailed shape of the cutoff to the low-energy 
emission; we estimate this fraction to be above 50% in knots A, B 1 
and B2, but much less in the remainder of the jet. 

The fact that the X-ray:radio ratio drops along the jet in the 
same way as the X-ray spectral index ax should provide a hint to 
the origin of the X-ray emitting particles. This behavi our is the op- 
posite of that seen in the so-called blazar sequence jFossati et al.l 
1998), where a lower X-ray flux goes along with a harder X-ray 
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and perhaps B2, which show evidence for more concentrated X-ray 
emission than the remainder of the jet). The variations in radio:X- 
ray ratio would be caused both by the decreasing acceleration effi- 
ciency, and by variations in the fraction of high-energy electrons 
that are transferred from the radio/optically emitting part of the 
flow into the re-acceleration region. Thus, we consider the "high- 
energy" population to be generated by re-acceleration of electrons 
initially in the "low-energy" population and escaping into the re- 
acceleration region. 

Because of the significant contribution of the high-energy 
spectral component to the jet flux in the visible wavelength range, 
we argue below that it is possible to establish the emission 
mechanism of the jet's X-rays by performing optical polarime- 
try. As this is the first jet to be observed at such short ultravi- 
olet wavelengths, it is presently not known whether the same is 
true for other high-power radio/X-ray jets, though Spitzer obser- 
vations of PKS 1136— 135 suggest a similar SED in its knot A 
dUchivama et al]2007l) . 
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Figure 3. (a) Comparison of ox, the spectral index within the Chandra 
band, and o^ 50 , the spectral index between 150 nm and the X-ray flux at 
1 keV (corresponding to 1.24 nm and 2.42 xlO 17 Hz). The tight correlation 
is evidence for a common origin of the 150 nm and X-ray emission. The 
near equality of both spectral indices shows that the UV/X-ray SEDs are 
consistent with power laws (or power laws with a "cut-on" in the UV region 
in B2 and B3) whose slopes are evolving along the jet. (b) Evolution of 
spectral indices within the X-ray band (0.5-8 keV, ax), between 150 nm and 
X-rays (a^ 5 g) and between radio and near-infrared (1.4 \xm, a^ dio ) along 
the jet. Out tor = 18", the observed values of ot™j._ are consistent with 



being constant at a 



djo 

-0.95, while ax and afi,, drop in accord 



spectrum. In blazars, this relation is seen as evidence for SSC emis- 
sion as origin of the X-rays, which then might argue against an 
inverse-Compton origin of the X-rays from this jet. 

Instead, we speculate that the softening of the X-ray spectrum 
arises from re-acceleration of some fraction of the electrons in the 
high-energy tail of the "low-energy" population. We ascribe the 
spectral softening to a decrease in the acceleration efficiency that is 
connected to the increase in the radio:X-ray flux ratio, for example 
by changes in the average magnetic field strength. As described in 
|jesteretalj (2006). this re-acceleration could occur in a thin shear 
layer around the main jet flow (with the possible exception of A 



4.2 Future observations: optical polarimetry as diagnostic of 
the X-ray emission mechanism 

Y. Uchiyama & P. Coppi (in prep.) have considered the polarisation 
of IC-CMB emission by electrons in a jet with high bulk Lorentz 
factor. We summarize their findings as follows: the emission from 
non-relativistic electrons has a linear polarisation, because the bulk 
motion of the jet makes the CMB emission anisotropic in the jet 
frame, which fixes the scattering geometry and therefore leads to a 
net polarisation. However, electrons with jet-frame Lorentz factors 
comparable to, or greater than, the bulk Lorentz factor can scat- 
ter photons from a range of directions into the observer's line of 
sight, so that the polarisation is lowered progressively. In the case 
of ultra-relativistic electrons, the bulk Lorentz factor is negligible 
compared to the Lorentz factor of the electrons, so that photons 
from all azimuthal angles can be scattered into the observer's line 
of sight. Electrons with the mildly relativistic energies necessary 
for the production of optical/UV photons fall into the middle cat- 
egory, with polarisation fraction around 6%. Thus, observation of 
significantly higher linear polarisation would rule out the IC-CMB 
model and instead support a synchrotron origin for the jet's X-rays. 

Unfortunately, t he existing polarimetry for this jet has yielded 
contradictory results :|R6ser & Meisenheimei] d 199 ll) report a polar- 
isatio n fraction of p = 0.07 ± 0.04 base d on ground-based data, 
while Th omson. Mackav & Wrightl dl993l) report p ~ 0.3-0.4 us- 
ing the not-yet-aberration-corrected Faint Object Camera (FOC) on 
HST Also in other parts of the jet, the ground-based and FOC re- 
sults are incompatible with each other. The ground-based data show 
the same polarisation fraction and flip in polarisation angle as ra- 
dio observations of the radio "h ot spot", which is identified with 
a strong jet- terminating s h ock jMeisenheimer & Heavens! 1 19861 : 
IMeisenheimer et al.l 1 19891 : iMeisenheimer. Yates & Rosed 1 19971) . 
Therefore, we deem the ground-based data to be more reliable and 
are inclined to ascribe the discrepancies predominantly to the low 
signal-to-noise ratio and the missing spherical aberration correc- 
tion of the FOC data. Clearly, additional observations are needed 
to obtain a high-fidelity determination of the polarisation fraction, 
and hence clarify the X-ray emission mechanism. 
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4.3 Why is the jet morphology independent of wavelength 
even with two spectral components? 

Even though the brightness profiles of this jet change from ra- 
dio, infrared, optical to X-ray wavelengths, the locations of bright- 
ness peaks as well as their angular sizes are strikingly independent 
of wavelength (with the exception of Bl, whose northern arc is 
brighter at infrared and higher frequencies, while the southern one 
is brighter at radio frequencies). This wavelength independence of 
this jet's morphology has been somewhat of a puzzle even before 
it was realised that there is more than one spectral component. For 
example, changing only the magnetic field strength, without vary- 
ing the shape of the underlying electron population, should have a 
much stronger effect on the optical surface brightness than on that 
in the radio because the electron energy distribution is falling more 
steeply in the optically emitting range than at low energies. Never- 
theless, the relative brightness changes from peak to peak are very 
similar in the radio and optical. The puzzle becomes even stronger 
with the addition of a second spectral component. 

There are further jets showing a similar behaviour, with simi- 
lar features at all wavelengths. However, others show strong peaks 
in one wavelength region (e.g., X-rays) without a correspond- 
ingly strong peak in another (e.g., radio), i.e., peak shifts indi- 
cating a strongly chan g ing sp e ctral shape (e.g. PKS 1 127 — 1 45 
[Harris & Krawczvnski 2006; Siemigino wska et al] l2007ll and 
PKS 1150+497 ISambruna et alj|2006tl ). There are also jets where 
some knots are like those in 3C 273 while others show peak shifts, 
again indicating a changin g spectral sh ape, for example the jet in 
PKS 1136-135 jUchivama et alj2007h . 

For 3C273, we speculate (see i]4. II above) that the electron 
population responsible for the second, high-energy (UV/X-ray) 
emission component is fed from the population responsible for 
the optical synchrotron emission, and perhaps even caused by the 
same process, albeit in different volumes. By contrast, jets such as 
PKS 1127—145 may have a different X-ray emission mechanism, 
a different mechanism accelerating the X-ray emitting particles, or 
if the acceleration is related to velocity shear, differences in their 
flow patterns — though one should bear in mind that the jet lengths 
and resolved linear scales dif fer by large factors between these jets 
jHarris & Krawczvnskill2006T) . 



4.4 Nature of "optical extensions" to the jet 

Observations at optical wavelengths up to 300 nm show several "ex- 
tensions" to the jet, whose nature and relation to the jet material 
has remained elusive. Especially the "southern extension" S ex- 
tending towards the southeast from region A had been speculated 
to be related to the jet, both due to its location at the onset of the 
jet, and because o f its very blue SED between 620 and 300 nm (see 
I Jester et alj|200ll . Figures 1-3). Comparing the optical and ultravi- 
olet images (Fig. [TJ, at 150 nm the extensions are conspicuous by 
their absence. As the appearance of the jet itself is not significantly 
different at 150 nm from that at longer or shorter wavelengths, this 
means that it is unlikely that any of the extensions consist of the 
same material and emit by the same mechanism as the jet itself. 
Since the SED of the quasar itself extends well beyond 150 nm, 
too, scattered quasar light is also ruled out as their origin. Instead, 
they are most likely unrelated galaxies. 



5 SUMMARY 

We have used the ACS/SBC on board HST with the F150LP fil- 
ter to image the jet in 3C273 at 150 nm with the highest possi- 
ble resolution. Our observations show a close agreement of the jet 
morphology with that at longer wavelengths (Fig. [TJ; the "optical 
extensions" to the jet, however, are undetected at 150 nm, and we 
therefore believe that they are unrelated galaxies and not connected 
to the jet. The spectral energy distributions (Fig. |2]l show that the 
spectral energy density at 150 nm lies above that at 300 nm in all 
parts of the jet. The far-UV flux is compatible with the extrapola- 
tion of the 0.5-8 keV X-ray flux and spectral index towards lower 
energies (Figs. [2] and |3). This lends strong support to a common 
origin of the jet's UV and X-ray emission. This high-energy com- 
ponent is distinct from the low-energy component responsible for 
the radio emission. The observed rise of the spectral energy den- 
sity between 300 and 150 nm means that the high-energy spectral 
component does not cut off between 300 nm and the Chandra X- 
ray band. This confirms that part of the jet's emission also at longer 
wavelengths (620 and 300 nm) is already d ue to the same spectra l 
component as the X-ray emission (compare U chivama et al.l 2006). 

In the X-ray brightest jet regions, (A, B 1 and B2), the opti- 
cal emission is even dominated by the high-energy component, and 
not by the low-energy component accounting for the optical emis- 
sion in most of the jet. Thus, in these regions, optical polarimetry 
is equivalent to X-ray polarimetry. A model explaining the high- 
energy component as beamed inverse-Compton scattered cosmic 
microwave background (BIC) photons predicts a low degree of lin- 
ear polarisation for the optical/UV emission (Y. Uchiyama & P. 
Coppi, in prep.). Therefore, observing a high degree of polarisa- 
tion in these regions would rule out the BI C model for this jet's X- 
rays. The existing polarime try of 3C 273 dRoser & MeisenheimeJ 
ll99ll ; lThomson et alJI 1993b has yielded contradictory results, and 
we have applied to perform additional polarimetric observations 
with HST/WFPC2. 

In the broader context, it will be important to assess how 
common it is for the X-ray component to reach into the op- 
tical/UV region. Spitzer observations show similar SEDs as in 
3C 273's region A in a t least one knot of the jet in PKS 1 136— 135 
dUchivama et alj2 007). However, given that 3C 273 shows a rise in 
the SED towards 150 nm, observations of further jets at this wave- 
length are an alternative route to assess in which jets the X-ray 
spectral component reaches down to the optical/UV region. This 
will enable the identification of further jets in which optical po- 
larimetry can determine the X-ray emission mechanism. In cases 
where the X-rays are generated by the BIC mechanism, the low- 
energy end of the electron energy distribution can be studied di- 
rectly in this wavelength region, while the corresponding radio syn- 
chrotron emission emerges at inaccessibly low frequencies. Thus, 
whether synchrotron or inverse-Compton emission, the low-energy 
end of the underlying particle energy distribution can be studied 
directly around 150 nm. 
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APPENDIX A: FLUXES FOR ALL JET REGIONS 

This ap pendix gives fluxes for all jet regions collated from prev ious 
works J Jester et alj|200ll . 120051. [20061 ; lUchivama et al J 120061) and 
as plotted in Figure [2] in a single Table IA1I for future reference. 
The apertures use d for the regions are those shown in Figure 1 of 
|jesteretaljj2006t) . 



8 Sebastian Jester et al. 



Jester et al. 



Table Al. Flux densities for all regions of the 3C273 jet. Original references by freq uency: 8.33 X 10 9 , 1.5 X 
10 10 , 2.25 X 10 10 Hz (VLA) and 1.87 xlO 14 Hz (HST NIC2) from ljester eta?] J2005I) ; 5.23 and 8.45 xlO 13 Hz 
(Spitzer IRAQ fro m lUchivama et alj j20Q6h : 4.85xl0 14 and 10 15 Hz (HST WFPC2 F622W and F300W) from 
(200ll); 1.86X10 15 Hz (HST ACS/SBC) from this work; 2.42xl0 17 Hz (Chandra ACIS-S) from 



Jester et al. 



(2006). 
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